1. Introduction {#s0005}
===============

Anti-inflammatory drugs are classified as agents that either inhibit or reduce inflammation, which can occur as a result of physical injury, infection, heat, and antigen--antibody interactions ([@b0065], [@b0080]). Based on mechanistic studies, anti-inflammatory drugs can be divided into two types, namely, steroidal anti-inflammatory drugs and nonsteroidal anti-inflammatory drugs (NSAIDs). NSAIDs, including aspirin, acetaminophen, diclofenac sodium, and ibuprofen, represent the most common type of anti-inflammatory drug. However, NSAIDs can cause additional effects that are ulcerogenic ([@b0055], [@b0075]).

Propolis is a resin material collected by bees from plant exudate and plant shoots. The name propolis is Greek; pro means fortress and polis means city. Bees use propolis in a number of ways, including to smooth the wall of the beehive, to protect them from disease, and to cover carcasses and prevent their decomposition ([@b0015]). Propolis is also well known as a traditional medicine for treating many diseases. The biological activities of propolis include its actions as an antioxidant, antibacterial, antifungal, antiviral, anti-inflammatory, and photoprotector ([@b0105], [@b0135], [@b0145], [@b0150], [@b0160]). Accordingly, propolis extract has been widely used as a beverage, nutritional supplement, and an added ingredient in food. The main contents of propolis are flavonoids, terpenoids, phenolic acid, cinnamic acid, cafeic acid, and various esters ([@b0010], [@b0025]).

Previous studies of Brazilian, South African, Japanese, and Chinese propolis have shown that propolis possesses anti-inflammatory effects. The anti-inflammatory compound identified in Brazilian propolis is artepillin C ([@b0120]). For South African propolis, the identified anti-inflammatory compounds include galangin and quercetin, whereas Chinese propolis has been shown to have glycerol esters as anti-inflammatory compounds ([@b0060], [@b0155]).

Recent research conducted by [@b0125] compared the anti-inflammatory effects of sodium diclofenac and propolis. Both compounds demonstrated anti-inflammatory effects; however, sodium diclofenac can cause ulcerogenic disease. However, additional research has indicated that propolis may inhibit the formation of ulcers caused by sodium diclofenac ([@b0125]).

In Indonesia, investigations of the anti-inflammatory effects of propolis, particularly the identification of anti-inflammatory biomarkers in propolis, are limited. Therefore, in this study, we investigated the anti-inflammatory properties of Indonesian propolis. Collectively, our findings indicate that propolis may be a promising alternative to NSAIDs, with both anti-inflammatory and anti-ulcerogenic effects.

2. Methodology/experimental {#s0010}
===========================

2.1. Material {#s0015}
-------------

Two samples of ethanolic extracts of propolis (EEP), consisting of soft propolis (taken from inside the nest) and rough propolis (taken from outside the nest), were used as active ingredients for microencapsulation. Propolis samples from *Tetragonula sp* were taken from Masamba, North of the Luwu district, in the South Sulawesi Province of Indonesia. Maltodextrin 97 dextrose equivalent (DE) 18 and gum arabic 98 were obtained from Brataco Co. (Indonesia). n-Hexane, ethyl acetate, and acetic acid were purchased from Sigma-Aldrich.

2.2. Identification of anti-inflammatory compounds {#s0020}
--------------------------------------------------

Thin layer chromatography (TLC) was conducted to obtain the optimal sample. The solvent and the eluent phase consisted of ethyl acetate and a mixture of n-hexane, ethyl acetate, and acetic acid (31:14:5), respectively. The results obtained from TLC were injected into the LC-MS/MS instrumentation, and the data were analyzed using Mass Lynx 4.1 software. Analytical LC-MS/MS experiments were performed using an ACQUITY UPLC I-Class System connected through a split to a Xevo G2-XS Q-tof Mass Spectrometer (Waters, USA) in the police laboratory and forensics, Jakarta, Indonesia.

2.3. Propolis microencapsulation {#s0025}
--------------------------------

Extract ethanol propolis (EEP) was prepared from smooth and rough propolis extracted with 96% ethanol using the method described in [@b0135]). Microencapsulation using maltodextrin and gum arabic as described by Da Silva (2013) and Marquiafável (2015), with some modifications ([@b0045], [@b0110]). First, 10 g of maltodextrin, 1 g of arabic gum, and 100 mL aquadest were mixed with a magnetic stirrer for 5 min. The mixture was then homogenized using a homogenizer ultra-turrax T18 (IKA, Germany) at a speed of 6,000 rpm for 30 min. Then, 300 mL of EEP was added and mixed at a speed of 15,000 rpm for 2 min. Finally, the mixture was dried using a spray dry method (Büchi B290, Flawil, Switzerland). The operational conditions of the spray dryer were as follows, aspirator 100%; spray gas 600 L/min; nozzle diameter: 1.5 mm; sample feed rate: 25%; and inlet temperature 110 °C. Morphology of Spray-dried propolis (SDP) microcapsules was observed by Scanning Electron Microscope (SEM) in Central Forensic Laboratory (PUSLABFOR) Jakarta Indonesia.

2.4. Ethical approval {#s0030}
---------------------

Ethical approval to conduct the study was granted by the Health Research Ethics Committee, Faculty of Medicine, Universitas Indonesia-Cipto Mangunkusumo Hospital (No. 0350/UN.2.FI/ETIK/2018).

2.5. Animals {#s0035}
------------

A total of 53 fasted adult Sprague Dawley rat males (200--225 g) were used in the experiments. Before experiments were performed, animals were allowed to acclimate for as long as one week and had been fasted for ±18 h, with free access to water.

2.6. Solution test {#s0040}
------------------

There were seven test groups in this study, with 6--7 animals in each group. The negative control group was given 2 mL of Na CMC 0.5% (p.o), whereas the positive control group was given 135 mg/kg of sodium diclofenac (p.o). There were three doses used in this experiment for each propolis microcapsule solution in water, which were given to the animals orally. Doses for the soft propolis microcapsule (SPM) were 50, 100, and 200 mg/kg, whereas those of the rough propolis microcapsule (RPM) were 25, 50, and 100 mg/kg.

2.7. Measurement of paw edema {#s0045}
-----------------------------

To measure paw edema, the animal's paw was initially measured using a plethysmometer to obtain the initial paw volume. After that, the animals received a 0.2 mL carrageenan injection in one hind paw to induce inflammation. One hour after this injection, the test solution was given, and the subsequent paw volume was measured as V0. Measurements of paw volume were taken every hour for 5 h.

2.8. Statistical analysis {#s0050}
-------------------------

Before applying the statistical analysis method, the edema volume was calculated. Edema volume represented the deficiency of the initial volume (*Vi*) and paw volume per each time (*Vt*) (Eq. [(1)](#e0005){ref-type="disp-formula"}). After the edema volume was calculated, the area under the curve (*AUC*) was calculated (Eq. [(2)](#e0010){ref-type="disp-formula"}), where t is the time interval of the measurement in an hour. The value of the AUC was then used to calculate the percentage of inflammatory inhibition (Eq. [(3)](#e0015){ref-type="disp-formula"}), where *AUCt* represented the AUC treatment, whereas AUCnc was the AUC negative control.$$V_{e} = V_{t} - V_{i}$$$$\mathit{AUC} = \frac{\mathit{Ve}_{n} + \mathit{Ve}_{(n - 1)}}{2} \times {(t_{n} - t_{({n - 1})})}$$$$\mathit{Inflammatory}\mspace{900mu} Inhibition\mspace{900mu}{(\%)} = 1 - \left( \frac{\mathit{AUC}_{t}}{\mathit{AUC}_{\mathit{nc}}} \right) \times 100\%$$

The AUC value was also used for the statistical analysis. The AUC of the SPM was analyzed with the Kruskal--Wallis test and the Post-Hoc Mann--Whitney test. This test was applied due to the normalized distribution of the data. In contrast, the AUC of the RPM was analyzed by one-way ANOVA, with Post-Hoc LSD multiple comparison because the data were normal and homogeneous. This statistical analysis was developed using statistical software with confidence limits of 95%.

3. Result and discussion {#s0055}
========================

3.1. Anti-inflammatory biomarker identification result {#s0060}
------------------------------------------------------

Chromatogram and mass spectra results from the LC-MS/MS experiments ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}) were analyzed using Mass Lynx 4.1 software. In the mass spectra, the BPI (Base Peak Intensity) type of view was used. This was because BPI shows more detailed resolutions and the most intense peaks; thus the detection of compounds was easier and more accurate. The analytical parameters that we used in identifying biomarker were matches between the parent fragments and at least two child fragments from the results obtained with the literature. The parent fragment is a charged molecule that can dissociate to form fragments, while the fragments of the fragments from the parent fragments are fragments of the children. After the initial ionization, the parent ion would experience fragmentation, causing the release of free radicals or small neutral molecules. A molecular ion does not rupture randomly but tends to form the most stable fragments. The parameters in this test are similar with those of [@b0165], [@b0090] that the presence of a compound can be confirmed if there were at least two child fragments, given that the *m*/*z* parent fragment was larger than the child fragment ([@b0090], [@b0165]). This can be used as a parameter because the fragmentation patterns were used to identify unknown compounds, as each molecule has a different pattern of fragmentation. The results of the LC-MS/MS identification can be seen in [Table 1](#t0005){ref-type="table"}.Fig. 1UPLC TOF MSE (50--1500) 4 eV ESI+-Low CE (BPI) Profile of Smooth Propolis (1) Deoxypodophyllotoxine, (2) Kurarinone, (3) 6-Dehydrogingerdione, (4) 6-Epiangustifolin, (5) dhyperforin, (6) alpha-Tocopherol Succinate.Fig. 2UPLC TOF MSE (50--1500) 4 eV ESI+-Low CE (BPI) Profile of Rough Propolis (1) 6-Dehydrogingerdione, (2) Xanthoxyletin, (3) 6-Epiangustifolin, (4) Adhyperforin, (5) alpha-Tocopherol Succinate.Table 1Propolis anti-inflammatory bioactive-compound identification results.Bioactive compoundsCategoryPlant sourceChemical structure\[6\]-DehydrogingerdioneMethoxy phenolGinger (Zingiber officinale)![](fx1.gif)alpha-Tocopherol SuccinateVitaminSpinach, sunflower, and turnip![](fx2.gif)AdhyperforinPhloroglucinolGenus *Hypericum*![](fx3.gif)6-EpiangustifolinDiterpenoidGenus *Isodon*![](fx4.gif)DeoxypodophyllotoxinLignanGenus *Podophyllum*![](fx5.gif)KurarinoneFlavonoidGenus Sophora (legumes group)![](fx6.gif)XanthoxyletinCoumarinGenus *Zanthoxylum* and *Clausena*![](fx7.gif)

In general, the anti-inflammatory mechanism of these molecules is through the NF-kB inhibition mechanism. NF-kB plays an important role in the formation of inflammatory mediators such as iNOS, COX-2, and TNF-α. Also, some compounds are known to have antioxidant properties, which can inhibit oxygen (radicals) actively, thereby reducing the oxidative stress triggers that can cause inflammation.

The other research conducted by Haiming Shi (2012) has identified has identified anti-inflammatory activities of the five new compounds of propolis from Wuhan, Hubei Province, China. The five glycerol esters including 2-acetyl-1-coumaroyl-3-cinnamoylglycerol, (+)-2-acetyl-1-feruloyl-3-cinnamoylglycerol, (-)-2-acetyl-1-feruloyl-3-cinnamoylglycerol, 2-acetyl-1,3-dicinnamoylglycerol, and (-)-2-acetyl-1-(E)-feruloyl-3-(3″(ζ),16″)-dihydroxy-palmitoylglycerol ([@b0155]).

The chemical composition of Brazilian propolis from *Apis sp* has identified by [@b0100] as isoflavones such as formononetin and biochanin A. Formononetin as biomarker of Brazilian propolis has potential anti-inflammatory activity on experimental models ([@b0100]). Therefore, Megumi Funakoshi-Tago (2015) found the components of Nepalese Propolis that exhibit anti-inflammatory activity. These results indicate that 3′,4′-dihydroxy-4-methoxydalbergione, 4-methoxydalbergion, cearoin, and chrysin were the substances responsible for the anti-inflammatory activity of Nepalese propolis ([@b0070]).

The compounds identified in this research also can be found in other propolis. Adhyperforin was part of ent-Kauranoids, which also can be found in propolis from a Brazillian stingless bee, *Melipona quadrifasciata anthidioides*e ([@b0170]). The derivative compound can be found in Cuba propolis ([@b0130]). Another compound was xanthoxyletin, which part of the coumarin. Through the several studies, this coumarin also can be found in Slovakian propolis ([@b0085]). Eventhough the rest of the compounds have not been identified in other propolis, it can be caused by biodiversity. Propolis is a bee product of plant origin, thus at different geographic locations the source plants might vary with respect to the local flora ([@b0020]).

3.2. Propolis microencapsulation {#s0065}
--------------------------------

In this work, propolis microcapsule powders were prepared by coating propolis with maltodextrin and gum arab using the spray-drying method. Maltodextrin with the DE value of 18 chosen as microencapsulation coating material, it has medium glucose chains and higher solubility. Encapsulation using maltodextrin--gum arabic (MD/GA) as microwall material represented a solution to overcome the problems related to their direct application ([@b0140]). MD/GA offered the best protection in bioactive compounds in microencapsulation conducted ([@b0005]). The gums as coating material added to the formulation to improve microencapsulation efficiency of some polyphenols with spray-drying ([@b0030]).

[Fig. 3](#f0015){ref-type="fig"} shows that morphologies of propolis microcapsules analyzed by scanning electron microscopy (SEM). SDP microcapsules presented uniform spherical particles sizes ranging from 0.8 to 4 μm. The SEM images of SDP microcapsules was similar to those observed by Busch (2017), the microencapsulating improved the size uniformity and microparticles integrity, also showed better core material protection ([@b0030]).Fig. 3SEM Image of spray dried propolis powder. (A) microwall maltodextrin and gum arabic, (B) smooth propolis microcapsules, (C) rough propolis microcapsules.

3.3. Doses effect on inflammatory inhibition {#s0070}
--------------------------------------------

In vivo tests were performed to evaluate the anti-inflammatory properties of propolis. Inflammation was induced by carrageenan ([Fig. 4](#f0020){ref-type="fig"}A), and anti-inflammatory test results demonstrated rat paw volume changes in each test group ([Table 2](#t0010){ref-type="table"} and [Fig. 4](#f0020){ref-type="fig"}B). In the negative control group, the edema volume increased from 0 to 5 h and showed a different trend compared with the other groups. This occurred because there was not an active compound to inhibit the inflammatory response in the negative control group. Therefore, the edema increased each hour. For both types of propolis microencapsulation (SPM and RPM), a significant decrease in paw volume was observed, indicating an anti-inflammatory effect related to the SPM and RPM ([Fig. 4](#f0020){ref-type="fig"}C). This result of edema volume in rat paw per each test group represented that there were an anti-inflammatory compound in SPM and RPM ([Fig. 5](#f0025){ref-type="fig"}).Fig. 4Rat paw. (A) Before carrageenan injection, (B) after carrageenan injection, (C) after propolis provisioning.Table 2The differences of edema volume per each hour.Test groupsAverage edema Volume (mL)Ve~0~Ve~1~Ve~2~Ve~3~Ve~4~Ve~5~Negative control0.24 ± 0.060.41 ± 0.110.59 ± 0.120.67 ± 0.130.80 ± 0.060.90 ± 0.23Positive control0.28 ± 0.060.28 ± 0.060.20 ± 0.060.14 ± 0.090.12 ± 0.080.06 ± 0.06RPM 250.33 ± 0.070.32 ± 0.120.34 ± 0.140.28 ± 0.090.13 ± 0.110.06 ± 0.06SPM 500.35 ± 0.110.20 ± 0.140.21 ± 0.090.30 ± 0.120.20 ± 0.130.15 ± 0.11RPM 500.39 ± 0.110.48 ± 0.130.32 ± 0.100.22 ± 0.170.25 ± 0.140.14 ± 0.09SPM 1000.36 ± 0.130.48 ± 0.090.32 ± 0.110.27 ± 0.110.11 ± 0.090.05 ± 0.06RPM 1000.36 ± 0.080.55 ± 0.100.57 ± 0.140.50 ± 0.150.50 ± 0.070.21 ± 0.13SPM 2000.48 ± 0.150.42 ± 0.140.34 ± 0.110.30 ± 0.140.18 ± 0.120.10 ± 0.08[^1]Fig. 5Edema volume in rat paw per each test group (SP: smooth propolis microencapsulation, RP: rough propolis microencapsulation).

AUC value was the area under curved value between average edema volume against percentage of inflammatory inhibition ([Table 3](#t0015){ref-type="table"} and [Fig. 6](#f0030){ref-type="fig"}). The negative control had the highest AUC value (3.03). In contrast, SPM 50 had the lowest AUC value (0.90), followed by RPM 25 (1.27). The AUC value was inversely proportional with the inflammatory inhibition percentage capability. The negative control, which had the highest AUC value, produced the lowest inflammatory inhibition percentage, and vice versa. SPM generated a better anti-inflammatory effect than RPM due to the inflammatory inhibition value.Table 3AUC value per each test groups.Test groups*Area under curve* (mL.Hour)Total12345Negative control0.320.50.630.740.853.03Positive control0.280.240.170.130.090.9RPM 250.330.330.310.20.091.27SPM 500.280.210.250.250.171.16RPM 500.440.40.270.240.191.54SPM 1000.420.40.290.190.081.39RPM 1000.450.560.530.50.362.4SPM 2000.450.380.320.240.141.53Fig. 6AUC graph per each test group SPM and RPM.

The highest percentage of inflammatory inhibition was obtained from SPM 50, with a value of 61.81%, followed by RPM 25, with the value of 58.12% ([Table 4](#t0020){ref-type="table"}). Using least square method, we can calculate both SPM and RPM in the same dose; in our case we want to compare the inflammatory inhibition at dose 25 mg/kg. SPM and RPM with dose 25 mg/kg had inflammatory inhibition value of 62.24% and 58.12%, respectively.Table 4Inflammatory inhibition percentage for each test group.Test groupsInflammatory inhibition (%)Positive control70.26SPM 2562.24RPM 2558.12SPM 5061.81RPM 5049.14SPM 10054.36RPM 10020.92SPM 20049.71

These results are supported by research from [@b0040], which showed that soft propolis has a polyphenol content two and half times more than rough propolis. The polyphenol content of soft propolis was 1,106 μg/mL, whereas for rough propolis, it was 444.75 μg/mL ([@b0040]). Polyphenols are phenolic compounds with more than one hydroxyl group. Polyphenols are found in many plants and have important biological activities, such as anti-inflammatory, anti-microbe, anti-thrombosis, and immunomodulator ([@b0035]), in addition to being potent antioxidants ([@b0115]). Research conducted by [@b0135] compared the antioxidant activity of soft and rough propolis and found that soft propolis had better antioxidant activity than rough propolis, with EC~50~ values in DPPH assays were 25.54 and 69.96 μg/mL, respectively ([@b0135]). An abundance of free radicals can serve to identify compounds low antioxidant activity. These free radicals generate oxidative stress, which triggers inflammation. SPM demonstrated better inflammatory inhibition than RPM, likely due to its polyphenol content and increased antioxidant activity.

3.4. The relation between doses and toxicity of propolis {#s0075}
--------------------------------------------------------

After 10 days when the study was concluded, there were several animal deaths in the SPM 100, SPM 200, and RPM 100 groups. These results were likely due to the toxicity of propolis and are similar to those reported for red Brazilian propolis by [@b0050]. In that study, red Brazilian propolis at doses of 200 mg/kg and 300 mg/kg showed an indication of toxicity ([@b0050]). This toxicity was predicted by an imbalance in estrogen hormone and the high content of isoflavones, which cause inflammation.

Estrogen is a sex hormone associated with inflammatory activity ([@b0095]). Indeed, estrogen suppresses pro-inflammatory factors such as IL-6 and TNF-α. Thus, activated estrogen hormone could bind with a transcription factor such as NF-kB and prevent it from binding DNA, which could depress inflammation ([@b0175]). As a result, if an imbalance in estrogen occurred, the inflammatory inhibition would be less. Propolis of *Tetragronula sp* from Indonesia has a high flavonoid content ([@b0040], [@b0135]), and isoflavones are one type of flavonoid. A high isoflavone content beyond a certain limit may trigger oxidative stress and lead to inflammatory reactions ([@b0050]).

3.5. Statistical analysis result {#s0080}
--------------------------------

Before Kruskal--Wallis and one-way ANOVA testing were performed, homogeneity and normality tests were performed. Both data from the SPM and RPM produced a normal distribution with a sig. value of 0.367 for SPM and 0.447 for RPM. However, the data for the soft propolis microencapsulation showed a normalized distribution (sig. value of 0.41), so this test would be continued with the Kruskal--Wallis and Post-Hoc Mann--Whitney test. For the rough propolis microencapsulation, the distribution was normal, and this test was continued with one-way ANOVA and the LSD Multiple Comparisons test. The Kruskal--Wallis test produced significantly different results in the minimal two test groups. After that, the Post-Hoc Mann--Whitney test indicated that the negative control was significantly different from the other test groups, whereas the positive control was not different from the SPM 50 and RPM 100 groups. In contrast, the positive control was significantly different from the SPM 200 group. One-way ANOVA tests indicated that there were significant difference between the minimal two test groups. Subsequently, the LSD Multiple Comparisons test indicated that the negative control was significantly different from the other test groups, whereas the positive control was not different from the RPM 25 group but was different from the RPM 50 and RPM 100 groups.

4. Conclusion {#s0085}
=============

The biomarkers for soft propolis that we identified in this study were \[6\]-dehydrogingerdione, alpha-tocopherol succinate, adhyperforin, 6-epiangustifolin, deoxypodophyllotoxin, and kurarinone, whereas those for rough propolis were \[6\]-dehydrogingerdione, alpha-tocopherol succinate, adhyperforin, 6-epiangustifolin, and xanthoxyletin. Both soft and rough propolis have anti-inflammatory effects. Smooth propolis exhibited higher inflammatory inhibition effect than rough propolis. This result is due to the fact that soft propolis contains more isoflavones than rough propolis. Isoflavones have antioxidant activities that reduce free radicals which cause oxidative stress and inflammation. This study suggests that propolis has the potential to develop as a non-steroid anti-inflammatory drug since our *in vivo* experiment showed its ability to decrease inflammation paw volume in Sprague Dawley Rat induce by carrageenan.
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[^1]: Note. RPM 25: Rough propolis microcapsule 25 mg/kg, SPM : Smooth propolis microcapsule 50 mg/kg, RPM 50: Rough propolis microcapsule 50 mg/kg, SPM 100: Smooth propolis microcapsule 100 mg/kg, RPM 100: Rough propolis microcapsule 100 mg/kg, SPM 200: Smooth propolis microcapsule 200 mg/kg, **Ve~0~ =** paw volume in 0 h. **Ve~0~ =** paw volume in 0 h. **Ve~1~ =** paw volume in 1 h. **Ve~2~ =** paw volume in 2 h. **Ve~3~ =** paw volume in 3 h. **Ve~4~ =** paw volume in 4 h. **Ve~5~ =** paw volume in 5 h.
